Background/Aims: Pluripotent stem cells differentiating into cardiomyocyte-like cells in an of pluripotent stem cells are still largely to be explored. Identifying the role of various small synthetic peptides involved in cardiomyogenesis may provide new insights into pathways promoting cardiomyogenesis. Methods: In the present study, using a transgenic murine , hNgf_C2, EnkaminE, was determined by RT-PCR whereas the structural and functional properties of derived
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Introduction
Cardiac diseases, causing severe loss of terminally differentiated cardiomyocytes and eventually leading to heart failure, are considered to be a major cause of death worldwide compensate for lost cardiomyocytes. Cardiac transplantation is the only choice for end-stage development of new therapeutic approaches for heart failure and alternative therapies has therefore become indispensable although many hurdles remain to be solved before these developments can be translated to the clinic [2] [3] [4] . Amongst the different regenerative approaches analyzed, cardiac cell therapy has gained wide acceptance with pluripotent stem cells as a potential cell source. In vitro analysis using both ES cells and induced in cardiac cell therapy. Similar to in vivo process during normal mammalian development, both mouse and human ES cell lines can differentiate and give rise to derivatives of all three primary germ layers, including functional cardiomyocytes [5] , depending on the cultivation are expressed in a developmental stage-dependent manner, which nearly recapitulates the developmental pattern of early cardiomyogenesis [7] . However, directing their differentiation towards cardiac lineage is quite challenging. Multiple in vitro differentiation techniques cardiomyocytes derived from pluripotent (ES and iPS) cells from different developmental viable suitable for transplantation, may therefore lead to widespread future applications in biomedical and clinical research. Moreover, the established protocols for pluripotent stem cells differentiation require adjustment to match the time line of human heart development [9] . Early cardiomyogenesis is regulated by both endogenous and exogenous factors such as the transforming growth factor-ß superfamily, bone morphogenetic proteins (BMPs), acid [6, [10] [11] [12] [13] . A number of studies showed the importance for FGF signaling in regulating the observation that mutations in some FGF receptors (FGFR) are associated with human molecule (NCAM), and small synthetic polypeptide ligands [16] . Brain-derived neurotrophic factor (BDNF) is critically involved in modeling the developing nervous system and is an important regulator of a variety of crucial functions in the mature central nervous system [17] . Although found in the adult heart, BDNF has been shown to receptor, which is expressed by endothelial cells and smooth muscle cells, initiates receptor dimerization, autophosphorylation, and subsequent intracellular signaling [17] . But the role factors sequences (FGL L in process of cardiogenesis. Although there is room for improvement, our differentiation method produces safe, functional cardiomyocytes and may provide a practical way to use small peptides for cell-based therapy of heart diseases.
Materials and Methods

Peptides
All peptides were purchased from Peptides&Elephants (Potsdam, Germany) and the corresponding measuring the absorption at 205 nm.
Cell Culture
We used aPIG44 cells, a derivative of the D3 mouse ES cell line that stably express the EGFP under gelatin-coated dishes and cultured for further cardiac differentiation. Previous studies revealed that the ES be associated with undifferentiated state.
ES Cell Differentiation and peptides screening
and penicillin-streptomycin. Cells (about 700 ES cells) were seeded into round bottom of 96-well culture unable to adhere, coalesced to form a large number of uniformly-sized Embryoid Bodies (EBs) (Fig. 1C) .
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Cellular Physiology and Biochemistry
All EBs were characterized morphologically, by and examined electro-physiologically at different stages of in vitro differentiation (Fig. 1A) .
RNA extraction and RT-PCR
Cells were harvested on days 0, 3, 4, 7 and 9 of EB differentiation and stored at -80°C in cell independent samples were collected for each time point studied.
cultivated on gelatin-coated chamber slides were Table 1. PBS) and 5 µg/ml Hoechst 33342 in PBS. Immunostaining images were obtained using an Axiovert 200 4.3 software (Carl Zeiss, Jena, Germany).
(BD Biosciences) with the Aria Cell Sorter (BD Biosciences) instrument.
Selective inhibition of TrkB
was dissolved in DMSO at a concentration of 1 mg/ml and was stored in small aliquots in a freezer. On the After differentiation, the EBs were attached to 3cm dish and incubated on a custom-made heating FGF10 were added to the control differentiated EBs. 
Cellular Physiology and Biochemistry
All values are expressed as mean ± standard error of the mean (SEM) of at least three independent experiments, if not indicated otherwise. Comparison of means was conducted using one-way analysis
Results
EB formation from dissociated ES cells was tested using non-adhesive 96-well plates. As preliminary, the effect of ES cells seeding density on EB formation was tested over the range an EB that is able to maintain structural integrity in suspension culture was approximately are able to derive representative developmental germ layers and express pluripotent Afp (for endoderm), Sox-1 (for ectoderm), and
Fgfrs and Ncam (Fig. 1D) . However, Ncam was absent in undifferentiated ES cells but expressed gradually during ES cell differentiation reaching a maximum by 9 days of differentiation (Fig. 1D) .
Screening of peptides
Different molecules and growth factors from various origins have been used to discover new differentiation approaches for cardiomyocyte differentiation from pluripotent stem cells. Since large numbers of conditions can be examined in each screen, it is possible to culture protocols. Accumulating data in developmental studies have also suggested that growth factors such as FGF families play particularly important roles in the development Fgfr1-4 were expressed in our cell system during differentiation. Based on the results from initial screening experiments conducted for identifying the potential activities of bFGF, FGF8 and FGF10 to enhance in vitro cardiomyogenic differentiation of ES cells based , we decided to investigate this process closer by measuring the GFP signal intensity as well as the amount of Gata, mRNA. In order to determine the optimal time point for addition of growth factors and peptides, three different experimental protocols (EP) as illustrated in Figure 1A were carried out. In the compared to control condition (absence of growth factors), whereas using EP2, no difference was observed ( Fig. 2A) , suggesting that the presence of important factors in a certain period during differentiation is crucial. A gene expression analysis under the treatment of all three FGFs revealed that Gata4 and Nkx2.5 were also analyzed. While Gata4 showed an increased expression under the treatment of all three FGFs compared with control, Nkx2.5 was detected only under the treatment of FGF10 (Fig. 2B ). An estimation of the beating clusters on day 12 after FGF8 functional properties, we performed sharp electrode measurements to record spontaneous the functional level. All EBs generated with all three protocols (EP1, EP2 and EP3) described above displayed spontaneous AP synchronous to their contractions (Fig. 5A, above panel) . and presence of the peptides at day 14 of differentiation using EP1, EP2 and EP3 protocols, respectively, are indicated in Figure 5A . It shows that, when using EP1 both peptidescontrol EBs (8.22±1.5 vs 3.7±1.0 Hz and 6.6±1.1 vs beating activity as compared to control condition EBs (7.6±1.0 vs Moreover, as a critical determinant of normal cardiomyocyte function is the intact and normal response to hormones and transmitters of the central nervous system, we also assessed the pharmacological response of EBs generated with EP1 and examined their acute effect on AP parameters. In all spontaneously beating EBs generated under control and Isoprenaline (Iso) (1 µM) and acetylcholine analog Carbachol (CCh) (1 µM), induced tested partially returned to control values after washout of Iso and CCh. In addition, acute expression of Bdnf and its receptor family and p75 during differentiation using EP1 protocol. Results indicate that TrkA is not expressed at any examined stage of TrkB was found to increase steadily during differentiation whereas Bdnf expression was down-regulated during differentiation (Fig. 6A) .
decreased the intensity of EGFP positive cells (Fig. 6B) . In addition, the number of negatively regulate the differentiation process Bdnf starts to be expressed future studies are needed to elucidate the cellular mechanism and signalling pathways by which BDNF may induce modulation of ion channels in cardiac cells. these important questions will add exciting new insights to our understanding of the role of small peptides derived from NCAM and related proteins to possess a cardiogenic potency which needs to be further evaluated with high-throughput validation techniques as well as supportive in vivo studies.
peptides during cell differentiation and may eventually lead to an understanding of the role of NCAM and related proteins in clinical syndromes and heart diseases.
